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ABSTRACT

Background/objectives. This study aims to analyse the speed differences between men and women in the 400 meters during the
Paris 2024 Olympic Games. Average speeds in each segment of the race were evaluated, highlighting gender variations and
performance across the different rounds of the competition. Methods. A descriptive observational study was conducted using data
from 208 athletes (50% women). Average speeds per 50-meter segments were analysed across all rounds (heats, semifinals, and
final), applying Student's t-tests to compare results between genders. The significance level was set at p < .05. Results. The
average speeds showed significant differences between sexes in all segments of the race (p < .05). The largest difference was
observed in the first 150 meters, where men outpaced women by a margin of 0.97 km/h. By 250 meters, the difference decreased
to 0.43 km/h. In the final rounds, the winners reached maximum speeds of 36.87 km/h (men) and 32.48 km/h (women). Conclusion.
Men exhibit a biomechanical advantage in the race's early stages, while both sexes strategically adjust their pacing in the final
rounds. These findings suggest that gender differences in performance are linked to both physiological and biomechanical factors.
Keywords: Performance analysis, Competitive analysis, Biomechanics, Gender performance metrics, Olympic event outcomes,
Endurance racing strategies.
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INTRODUCTION

Athletics has been a central field of study in research on human physical abilities for decades, with speed
events playing a crucial role in understanding sports performance (Jeffreys, 2024; Paul et al., 2016). Among
these events, the 400-meter sprint stands out as one of the most challenging, requiring a unique combination
of explosive speed and sustained endurance. This event draws attention not only due to its physiological
complexity but also because of the performance differences observed between elite athletes of different
sexes (Guex, 2012; McClelland & Weyand, 2022).Previous research has identified significant differences in
the performance of male and female athletes in sprint events, particularly in shorter distances such as the
100 and 200 meters (Atkinson et al., 2024; Zhang et al., 2021). Specifically, men tend to reach higher
maximum speeds due to differences in muscle mass, power output, and anaerobic capacity. However, the
400-meter event introduces an additional variable: the athletes' ability to maintain speed over a longer
distance, which requires a complex interaction between anaerobic and aerobic systems (Iskra et al., 2024).

In this context, the Paris 2024 Olympic Games provided a unique opportunity to study the performance of
elite athletes under peak competitive conditions. Sex differences in the 400-meter performance during the
Olympics have yet to be explored in depth, despite the significance of this event in the Olympic program.
This analysis is crucial for understanding how the physiological characteristics of men and women impact
their performance in races that demand both speed and endurance (Iskra et al., 2024; Santisteban et al.,
2022).

Performance in the 400 meters is intrinsically linked to how efficiently athletes can utilize their energy systems
(Le Hyaric etal., 2024). Research has shown that while women have a lower capacity for producing maximum
power, they tend to be more efficient in utilizing the aerobic system during longer-distance races (Miller, 2023;
Santisteban et al., 2022; Tiller et al., 2021). This suggests that the performance differences between men
and women in the 400 meters may be more related to energy efficiency than pure speed (Helgerud et al.,
2023).

Therefore, this study aims to analyse the differences in running speed between male and female athletes in
the 400 meters during the Paris 2024 Olympic Games. Through a detailed analysis of speed variations across
different race segments, the study seeks to provide new insights into current gender differences and their
influence on performance in this Olympic event, contributing to the development of specific training programs.

MATERIAL AND METHODS

Study design
This descriptive observational study is based on performance data from 208 speed records of athletes who
participated in the 400-meter event during the Paris 2024 Olympic Games.

Participants

The dataset includes 104 records from female athletes and 104 from male athletes. Since some athletes
competed in multiple rounds (heats, semifinals, and finals), the same athletes may be represented more than
once in the dataset.

Inclusion and exclusion criteria

The inclusion criteria required athletes to be officially registered in the 400-meter event. Exclusion criteria
included failure to start the race, sustaining an injury during the race, or finishing the race by walking. Based
on these criteria, 2 female athletes and 13 male athletes were excluded from the study.
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Ethical considerations

This study adheres to the principles of the Declaration of Helsinki (World Medical Association, 2013), ensuring
ethical conduct and transparency in data collection and analysis. Obtaining informed consent was not
required since the data is publicly available and does not involve direct interventions with participants.

Procedures

Information for each race segment (50 m, 100 m, 150 m, etc.) was extracted directly from the official Olympics
website (Olympics, 2024). The split times for each segment were downloaded in PDF format and
subsequently input into an Excel template for analysis. The results included time and average speed
measurements for each round and by gender. This approach enabled a detailed analysis of the athletes'
performance and provided a solid foundation for the statistical interpretation of the results obtained during
the Olympic competition.

Statistical analysis

A comparative analysis of running speeds between men and women was conducted. Average speeds per
50-meter segment were calculated for each gender across all rounds of the competition, including heats,
semifinals, and finals, using the formula (v = d/t). The data was organized into tables displaying the means
and standard deviations of the average speeds for each race segment. To assess gender differences in
speed, independent samples t-tests were applied. The significance level was set at p < .05. The graphical
analysis was performed in Google Colab®, utilizing the Matplotlib and Pandas libraries in Python to generate
visualizations comparing athlete performance across each round. The comparisons covered all stages of the
competition, including heats, repechages, semifinals, and the final. The collected data was processed using
Jamovi software, version 2.3.21, where average speeds were calculated from the recorded times. These
speeds were first calculated in meters per second and then converted to kilometres per hour for more detailed
analysis. Additionally, a heatmap of Bonferroni-adjusted p-values was generated to evaluate the statistical
significance of the differences in speeds across various distances. This allowed for identifying which distance
comparisons showed statistically significant differences after the adjustment was applied.

RESULTS

Of the 208 participants, 50% were women. The comparative analysis of average speeds in the 400-meter
race revealed significant differences between men and women across all segments (p < .05). In the first 150
meters, men recorded an average speed 0.97 km/h higher than women, representing the largest difference
observed throughout the race. As the distance progressed, these differences diminished, reaching 0.43 km/h
at 250 meters. The final speeds of the male and female winners also reflected a significant increase as they
advanced through the rounds, with the highest performance observed in the final round. These differences
in speed between genders suggest an advantage for men in the early stages of the race, while both sexes
demonstrated strategic pacing adjustments in the final rounds.

Table 1 presents the average speeds and times of athletes throughout the 400 meters, divided into 50-meter
segments. The values are shown separately by gender and across the different rounds of the competition,
including heats, repechage, semifinals, and the final.

Table 2 shows the average speeds (in kilometres per hour) of athletes in different segments of the 400-meter
race, broken down by gender and round. The columns represent the speeds reached in the 50, 100, 150,
200, 250, 300, 350, and 400-meter segments.
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Table 1. General characteristics of average times and speeds in 400 meters by gender and round.

Gender Round Athletes (n) Average Time (s) Speed (km/h)
Female Final 8 27.0+£0.3 295104
Female Semi 3 8 27604 28704
Female Semi 2 8 271704 28804
Female Semi 1 8 275+05 28.7+0.6
Female Repechage 4 6 281+0.3 282+0.2
Female Repechage 3 7 281+0.3 282+0.9
Female Repechage 2 7 28.3+0.3 28.0+£0.3
Female Repechage 1 6 281+0.2 282+0.2
Female Serie 6 7 28.0+£0.6 28105
Female Serie 5 8 28105 28.3+0.6
Female Serie 4 8 27.7+0.3 28.6+0.3
Female Serie 3 8 27905 284+0.6
Female Serie 2 7 27.9+0.3 285+04
Female Serie 1 8 27904 28504
Male Final 8 243+04 32906
Male Semi 3 8 245+0.3 32503
Male Semi 2 8 245+0.3 326+04
Male Semi 1 8 26449 317123
Male Repechage 4 6 25101 32003
Male Repechage 3 6 25.0+0.1 32002
Male Repechage 2 7 25.3+0.1 31.7+£04
Male Repechage 1 7 25201 31.7+£0.2
Male Serie 6 8 25.0+0.2 320+0.3
Male Serie 5 8 249+0.3 320+04
Male Serie 4 7 248+0.4 322+07
Male Serie 3 8 248+0.3 321+£03
Male Serie 2 8 24.7+0.2 324+04
Male Serie 1 7 25.0+0.2 320+0.3
Women
36 —e— Men

34 3.99 km/h

4.06 km/h
32
3.83 km/h
3.74 km/h

30

3.83 km/h

Average Speed (km/h)

28 2.48 km/h

3.98 km/h
26
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Figure 1. Comparison of average speeds between women and men across distances.
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Table 2. Average (km/h) in different segments of the 400 meters: analysis by sex and round.

Gender Round 50mts 100mts 150mts 200mts 250mts 300mts 350mts 400mts

Female Final 273+£04 333+05 326+06 313+x05 298+0.7 28506 276+06 254+07
Female Semi 3 268+05 326+05 319+£05 305+06 292+05 27.7+x05 266+06 244+07
Female Semi 2 266+£05 324+06 31.7+07 30404 290+£03 281+03 270+x05 252+08
Female Semi 1 271+£04 330+05 323+06 306+x16 296+19 27707 261+06 235%1.1
Female Repechage4 26.3+0.3 322102 311+03 298+02 288+02 276+04 260+£0.7 236+06
Female Repechage3 26.1+02 320+£05 311+04 299+03 286+04 273107 260+£09 239109
Female Repechage2 264+06 321+09 316+06 302+05 288+02 27706 260+£13 237118
Female Repechage1 26.2+0.3 320+05 308+03 298+04 28905 27705 262106 242+06
Female Serie 6 268+06 326+08 315+08 30.0+06 281+17 280+x18 256+11 225+08
Female Serie 5 263+06 321+05 312+07 299+£07 288+08 27.7+x09 263+10 242+10
Female Serie 4 264+05 325+02 31.7+03 306+£03 297+10 278+x10 262+05 242+09
Female Serie 3 267+£06 324+09 313+10 30009 288+05 275+x05 267+21 236%16
Female Serie 2 265+05 323+05 312+03 298+04 290+03 282+06 265+08 243+09
Female Serie 1 266+05 327+06 313+05 29.7+04 292+10 276+09 265+0.7 24310

Male Final 29507 373+x08 365+10 350+x09 333%£09 320+08 30710 29.0+13
Male Semi 3 206+03 372+06 364+06 347+05 327+07 314+06 30105 279%07
Male Semi 2 204+04 368+07 361+04 348+04 335+04 316+04 302+04 285%09
Male Semi 1 202+06 364+06 355+1.0 345+08 333+06 313%x14 27.3+94 260+86

Male Repechage4 28.5+04 356+04 347+03 337+04 325+06 316+06 306+04 289+06
Male Repechage3 289+03 357+06 346+02 336+02 327+04 31803 312+15 27713
Male Repechage2 28.6+04 352+07 341+04 333+01 325+04 315+05 302+03 285+03
Male Repechage1 28.6+02 354+06 353+05 338%03 320+03 31.1+£06 29.7+09 275%1.1

Male Serie 6 288+06 362+06 355+05 341+04 326+02 31205 297+08 275%10
Male Serie 5 202+06 363+05 354+05 33904 325+04 31004 300+07 276+%12
Male Serie 4 28705 364+09 357+07 345+05 331+05 31606 303+x07 274%29
Male Serie 3 2901+03 364+08 354+06 341+04 328+04 315204 302+x05 276%06
Male Serie 2 201+04 363+06 359+06 346+0.7 332+x05 31705 302+07 281%1.1
Male Serie 1 288+05 36.0+0.7 354+04 340+05 326+06 316+04 299+05 276+06

Figure 1 illustrates the average speed differences between men and women in each segment of a 400-meter
race, considering all rounds. The figure shows that men consistently maintain higher speeds than women
across all segments of the race. The most pronounced differences occur in the first 150 meters, where the
speed gap reaches its peak. As the race progresses, these differences slightly decrease but remain
consistently in favour of the men throughout the entire race.
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Figure 2. Mean speed differences between men and woman by distance (all rounds).
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Figure 2 displays the average speed differences between men and women in each 50-meter segment of a
400-meter race, considering all rounds. The bars indicate that men run faster than women across all
segments of the race. The most pronounced difference is observed in the 150-meter segment, where men's
average speed exceeds women's by 0.97 km/h. As the race progresses, the speed difference slightly
decreases but remains steady at around 0.77 km/h in the final segments of the race.

0.05

100mts

0.04

150mts

-0.03

- 0.02

Distancel
200mts
Adjusted p-value

-0.02

250mts

50mts
1

| | | |
100mts 150mts 200mts 250mts 50mts

Distance?2

Figure 3. Heatmap of Bonferroni adjusted p-values for velocity differences across distances.
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Figure 4. Speed evolution of de male winner (Hall Quincy) across rounds and distances.
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Heatmap 3 displays Bonferroni-adjusted p-values, highlighting the statistically significant differences in
average speeds across various distances. Blue cells indicate comparisons with low p-values, such as
between 50 and 100 meters, which are statistically significant, while red cells, such as between 250 and 50
meters, indicate less significant comparisons.

Figure 4 illustrates the speed evolution of the male winner (Hall Quincy) across different segments of the
400-meter race throughout the rounds (Heat 4, Semifinal 1, and Final). It shows that Quincy generally
reached his highest speeds in the final, particularly in the first 150 meters, where his speed exceeded 36
km/h. After this point, his speed began to decline similarly in all rounds, showing a progressive deceleration
towards the 400-meter mark. Comparing the different rounds, a performance improvement is evident in the
final compared to the heats and semifinals.

34 Serie 5
emi 3

32

Speed (km/h)
8

N
@©

26
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50mts 100mts 150mts 200mts 250mts 300mts 350mts 400mts
Distance (meters)

Figure 5. Speed evolution of de female winner (Marileidy Paulino) across rounds and distances.

Figure 5 illustrates the speed evolution of the female winner across different segments of the 400-meter race
throughout the rounds (Heat 5, Semifinal 3, and Final). It shows that Marileidy reached her highest speeds
in the final, with a peak speed of approximately 34 km/h in the first 150 meters. After this point, her speed
progressively declined throughout the race in all rounds. However, an improvement in her performance is
evident in the final compared to the preliminary rounds (Heat and Semifinal), where she maintained higher
speeds during the race.

DISCUSSION

It was observed that the average speed progressively decreases as athletes advance through the total
distance of the race, with the most pronounced speed differences occurring in the first 150 meters, particularly
between men and women. Previous studies indicate that elite athletes reach maximum speeds of 10.12 m/s
for men and 8.96 m/s for women between the 50 and 100-meter segments. We converted these values to
kilometres per hour (km/h) using the formula 1 m/s = 3.6 km/h, resulting in 36.43 km/h for men and 32.26
km/h for women. In our study, the maximum speeds were 36.87 km/h for men and 32.48 km/h for women,
aligning with the reported values. Additionally, we observed an average fatigue index of 22.99% in elite
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runners, similar to previous findings, suggesting that elite athletes adopt an aggressive pacing strategy,
experiencing a greater drop in speed over the final 100 meters. These findings reinforce the importance of
physiological and biomechanical factors in maintaining performance, even under conditions of advanced
fatigue (Hanon & Gajer, 2009).

In 400-meter race performance, energy systems play a key role in the interaction between anaerobic and
aerobic metabolism. According to other authors, energy for these races is derived 59% from the anaerobic
system and 41% from the aerobic system for men. In the case of women, this ratio is 55% and 45%,
respectively (Duffield et al., 2005). Our findings align with these results, as we observed a strong reliance on
anaerobic reserves during the first half of the race, followed by an increased aerobic contribution towards the
end, when fatigue begins to set in. In our study, elite runners reached maximum speeds of 36.87 km/h for
men and 32.48 km/h for women in the first 100 meters. However, by the end of the race, speed declined due
to lactate accumulation and reduced phosphocreatine (PCr), as noted by Dall Pupo et al. The balance
between these metabolic pathways, along with the capacity for muscle recruitment and the body’s buffering
ability to manage anaerobic byproducts, allows athletes to maximize their performance during the sprint (Dal
Pupo et al., 2013).

As mentioned earlier, the anaerobic system is more heavily utilized in men (59%) than in women (55%).
Although both sexes exhibit similar patterns of speed reduction, men tend to maintain a higher average speed
across all distances, highlighting significant physiological differences between genders. This finding is
consistent with previous studies indicating that elite athletes optimize their effort distribution, sustaining high
speeds until the final segments of the race, where metabolic conditions, such as lactate accumulation and
reduced muscle pH, significantly impact performance. In this context, it has been reported that blood lactate
levels can reach up to 20.5 mmol/L in 400-meter runners, contributing to muscle fatigue and impairing the
muscles' ability to maintain efficient contraction (Cicchella, 2022). These metabolic factors partly explain why;
despite exhibiting similar patterns of speed reduction, men are able to maintain higher speeds, likely due to
a greater capacity to manage acidosis and the fatigue resulting from lactate accumulation.

It is important to highlight that the greatest speed reduction between men and women occurs in the first 150
meters, with a difference of -0.97 km/h. This phenomenon may be related to male runners' ability to maintain
a better balance between stride frequency and stride length during the early stages of the race. Previous
research indicates that elite runners tend to reach their peak stride frequency between the first 50 and 100
meters, while stride length peaks between 100 and 150 meters, suggesting a biomechanical advantage for
men in these key segments of the race (Gajer et al., 2007). In contrast, in women, stride frequency tends to
decrease more rapidly as muscle fatigue accumulates, affecting their performance in the later segments of
the race (Guex, 2012). These findings underscore the significant biomechanical and physiological differences
between the sexes during the 400-meter race.

In terms of comparison between male and female winners, it is observed that men are able to maintain more
consistent performance across the different rounds, suggesting better effort management and greater
resistance to fatigue. This may be related to differences in lactate accumulation, which in male 400-meter
runners can reach up to 17.3 mmol/L, indicating a higher capacity to tolerate acidosis compared to women
(Kalih & Rahmadani, 2021). In contrast, although women also manage to maintain similar speeds across
rounds, their speed decline is more pronounced in the second half of the race due to greater muscle fatigue.
This is consistent with previous studies, which showed that asymmetric muscle activity and fatigue in the
lower limbs significantly increase during the second half of the race, affecting mechanical efficiency and
performance in female athletes (lwanska et al., 2021).
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The findings of the present study limit the complete verification of the analyses of the 400 meters. However,
a theoretical and explanatory influence of fatigue and lactate accumulation on performance, particularly
during the final phases of the race, was observed. This influence appears to be linked to differences in the
anaerobic and aerobic systems' capacity to sustain speed, resulting in a greater negative impact on women,
especially in the later segments of the race. Although the results suggest a greater ability in men to manage
acidosis and maintain biomechanical efficiency, further research is needed to confirm these findings. Future
studies should focus on analysing the precise interactions between muscle activity and kinematic variables
throughout the entire race, especially concerning effort distribution and muscle fatigue. These results
highlight the importance of optimizing both the energetic and biomechanical aspects of training to maximize
performance in this demanding discipline.

One of the main limitations of this study is the lack of control over individual variables, such as differences in
training experience, body composition, and muscle fibre distribution among the participants, which may have
influenced the observed performance. Additionally, the sample focused on elite runners, limiting the
generalizability of the results to athletes at other performance levels. Future studies could benefit from a more
diverse sample and a more detailed focus on the individual characteristics that affect the physiological and
biomechanical response during 400-meter races.

CONCLUSION

In this study, it was determined that elite runners participating in the 400-meter event primarily rely on the
anaerobic system during the first half of the race, followed by a greater aerobic contribution towards the end.
We observed that men are able to maintain higher speeds than women, likely due to better management of
acidosis and muscle fatigue. Additionally, men sustain a better balance between stride frequency and stride
length in the early stages of the race, contributing to their superior performance compared to women, who
experience a greater decrease in speed during the second half. These findings highlight key differences in
the physiological and biomechanical strategies between the sexes.
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